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Abstract
We present an exploratory study of the Λc,b → N
∗-form factors and the semileptonic
decay width within the framework of light-cone sum rules. We use two different methods
and two different interpolating currents for the Λc,b.
1. We follow [1] and eliminate negative parity partners of the Λc,b by taking linear
combinations of different Lorentz-structures.
2. We extract the form factors by choosing the Lorentz-structures with the highest
possible powers of p+.
As interpolating currents we choose an axial-vector like and a pseudoscalar like current.
Our results show that the procedure of eliminating negative parity partners is not well
suited for the case at hand and that the second approach with an axial-vector like
interpolating current gives the most reliable results. Our predictions are based on the
models obtained in [2, 3]. The largest uncertainty comes from the uncertainty of the
twist 4 parameters η10, η11 and we take the spread between the two models in [2] as a
measure for this. We get
Γ(Λb → N
∗(1535)lν) =
(
0.0058+0.0010
−0.0009
)
·
(
Vub
3.5 · 10−3
)2
, LCSR(1)
Γ(Λb → N
∗(1535)lν) =
(
0.00070+0.00012
−0.00011
)
·
(
Vub
3.5 · 10−3
)2
, LCSR(2)
Γ(Λc → N
∗(1535)lν) =
(
0.0064+0.0012
−0.0011
)
·
(
Vcd
0.225
)2
, LCSR(1)
Γ(Λc → N
∗(1535)lν) =
(
0.00077+0.00016
−0.00014
)
·
(
Vcd
0.225
)2
, LCSR(2)
as predictions for the respective decay widths, where LCSR(1) and LCSR(2) refer to
the two different models of the distribution amplitudes of the N∗. It is seen that even
a rough measurement of these decays will greatly help to discriminate different models.
1 Introduction
Measuring the properties of the nucleon resonances and interpreting them in terms of the
fundamental degrees of freedom of QCD is one of the goals of the Hall B CLAS 12 detector
at Jefferson Lab. [4] We propose here a complementary approach to nucleon resonances
using the decays of Λb and Λc baryons produced abundantly at LHCb or at the planned
PANDA experiment.
Our approach is based on light cone sum rules [5] a hybrid of classical SVZ-sum rules [6]
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and methods from hard exclusive decays. It allows to relate the Λb,c → N∗ decay form
factors to the distribution amplitudes of the N∗ that is roughly speaking to the momentum
distribution of the quarks in different Fock-states inside the N∗.
Sufficient experimental data will allow to compare the extracted distribution amplitudes
to constraints coming from the lattice [7, 3] or from electromagnetic N∗ form factors [2],
see also [8] for the general framework. This will provide an alternative approach to obtain
information on the structure of low lying nucleon resonances, see also [9] for a review of
hadronic decays of heavy mesons and baryons to investigate hadronic resonances. Similar
calculations for the Λb → N form factors have been done in [10, 11, 1, 12] and we will refer
to [1] for more details on the calculation.
The paper is organized as follows: In section 2 we will give the definitions of the relevant
form factors and a short introduction to the method of light cone sum rules. Section 3 is
devoted to the numerical analysis of the sum rules and section 4 will give some concluding
remarks. The relevant formulas are given in the appendix. In addition we refer to [2, 8, 1],
see also [13, 14], for the basic definitions of the distribution amplitudes in order not to
overload this publication.
2 Form Factors and light cone sum rules
We give the definitions and derivations for the case of the Λc → N∗ decay. The transition to
Λb → N∗ is simply done by replacing c→ b everywhere and d→ u in the transition current.
The relevant form factors of the vector and axial-vector current are defined as
〈Λc(P ′)| jν |N∗(P )〉 = u¯Λc(P ′)
(
f1(q
2)γν + i
f2(q
2)
mΛc
σνµq
µ +
f3(q
2)
mΛc
qν
)
γ5uN∗(P ),
〈Λc(P ′)| jν5 |N∗(P )〉 = u¯Λc(P ′)
(
g1(q
2)γν + i
g2(q
2)
mΛc
σνµq
µ +
g3(q
2)
mΛc
qν
)
uN∗(P ), (1)
where P ′ = P − q. We don’t consider f3 and g3 in the following since in semileptonic decays
they will contribute with coefficients proportional to the lepton mass.
For the Λ∗c -form factors one defines f˜i and g˜i analogously to (1) by replacing Λc with Λ
∗
c and
adding a γ5 after the Λ
∗
c -spinor. To get access to these form factors we use the correlation
function
Πa(P, q) = i
∫
d4x eiq·x 〈0|T {ηΛc(0), ja(x)} |N∗(P )〉 , (2)
where
ja(x) = c¯Γad(x), Γa = γν , γνγ5,
are the weak transition currents and
ηΛc = ǫ
ijk(uiCΓ1dj)Γ2ck
is the interpolating current with the correct quantum numbers for the Λc. We will use two
different choices for ηΛc namely
η
(P )
Λc
= (uCγ5d)c and η
(A)
Λc
= (uCγ5γλd)γ
λc.
The standard procedure of light cone sum rules is to calculate the correlation function (2)
in two different ways. On the one hand, one inserts a complete set of states with Λc quan-
tum numbers between the two currents and extracts the lowest lying state. On the other
hand, one uses the operator product expansion (OPE) around the light cone for space like
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momenta (P − q)2, q2 ≪ 0. This results in two different representations of the correlation
function which can be equated using dispersion relations and quark-hadron duality. Taking
the Borel-transform to eliminate possible subtraction terms from the dispersion relations
and to suppress higher states in the hadronic sum gives the final sum rule.
2.1 Eliminating the Λ∗c-pole
We will give a few details on the procedure but refer the reader to [1] for all details of the
calculations. To eliminate the Λ∗c pole from the sum rules, we explicitly keep both the Λc
and Λ∗c in the hadronic sum and represent higher states by a dispersion integral. The residue
of the poles of the two states is given by a product of the form factors (1) and their decay
constants:
〈0| η(i)Λc |Λc(P ′)〉 = λ
(i)
Λc
mΛcuΛc(P
′),
〈0| η(i)Λc |Λ∗c(P ′)〉 = λ
(i)
Λ∗c
mΛ∗cγ5uΛ∗c (P
′). (3)
Two main observations: First, using the equation of motion (/P − mN∗)uN∗(P ), one can
decompose the correlation function into six independent, invariant functions:
Π(i)µ (P, q) =
(
Π˜
(i)
1 Pµ + Π˜
(i)
2 Pµ/q + Π˜
(i)
3 γµ + Π˜
(i)
4 γµ/q + Π˜
(i)
5 qµ + Π˜
(i)
6 qµ/q
)
γ5uN∗(P ), (4)
where i labels the pseudoscalar P and axial-vector A interpolating current.
Second, the form factors enter in front of more than one of the Lorentz-structures in (4).
This allows, after one equates the hadronic sum and the OPE result, to construct linear
combinations where the contribution of the Λ∗c is eliminated. Taking e.g. the hadronic sum
for the vector transition
Π(i)ν (P
′, q) =
λ
(i)
Λc
mΛc
m2Λc − P ′2
[
2f1(q
2)Pν − 2f2(q
2)
mΛc
Pν/q
+(mN∗ +mΛc)
(
f1(q
2) +
mN∗ −mΛc
mΛc
f2(q
2)
)
γν +
(
f1(q
2) +
mN∗ −mΛc
mΛc
f2(q
2)
)
γν/q
+
(
−2f1(q2)− mN
∗ −mΛc
mΛc
(f2(q
2) + f3(q
2))
)
qν +
1
mΛc
(
f2(q
2)− f3(q2)
)
qν/q
]
γ5uN∗(P )
+
λ
(i)
Λ∗c
mΛ∗c
m2Λ∗c − P ′2
[
−2f˜1(q2)Pν + 2 f˜2(q
2)
mΛ∗c
Pν/q
−(mN∗ −mΛ∗c )
(
f˜1(q
2) +
mN∗ +mΛ∗c
mΛ∗c
f˜2(q
2)
)
γν −
(
f˜1(q
2) +
mN∗ +mΛ∗c
mΛ∗c
f˜2(q
2)
)
γν/q
+
(
2f˜1(q
2) +
mN∗ +mΛ∗c
mΛ∗c
(f˜2(q
2) + f˜3(q
2))
)
qν − 1
mΛ∗c
(f˜2(q
2)− f˜3(q2))qν/q
]
γ5uN∗(P )
+
∞∫
sh0
ds
s− P ′2
(
ρ
(i)
1 (s, q
2)Pν + ρ
(i)
2 (s, q
2)Pν/q
+ ρ
(i)
3 (s, q
2)γν + ρ
(i)
4 (s, q
2)γν/q + ρ
(i)
5 (s, q
2)qν + ρ
(i)
6 (s, q
2)qν/q
)
γ5uN∗(P ), (5)
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where higher states are described by the spectral densities ρ
(i)
j with j = 1, . . . , 6. It can be
seen that taking a linear combination of the first four Lorentz-structures one can get rid of
f˜1(q
2), f˜2(q
2) and get expressions for f1(q
2), f2(q
2) in terms of Π1 to Π4.
2.2 Extracting highest powers of p+
We define a light-like vector nµ by the condition
q · n = 0 , n2 = 0 (6)
and introduce the second light-like vector as
pµ = Pµ − 1
2
nµ
m2N
P · n , p
2 = 0 , (7)
so that P → p in the infinite momentum frame, P · n → ∞, or if the nucleon mass can be
neglected, mN → 0. The projector onto the directions orthogonal to p and n is then defined
as
g⊥µν = gµν −
1
pn
(pµnν + pνnµ) . (8)
Taking a look at equations (4) and (5) it is seen that contracting the correlation function
Πν(P
′, q) with nν and multiplying by the projector /p/n2p·n the result can be written as
/p/n
2p · nn
νΠν(P
′, q) = p · n
(
A(P ′, q) +
/q⊥
mΛc
B(P ′, q)
)
. (9)
The form factors f1(Q
2) and f2(Q
2) are then extracted from the sum rules for the functions
A(P ′, q) and B(P ′, q) respectively. g1(Q
2) and g2(Q
2) are extracted in the same way with
the only difference being one additional γ5.
2.3 Deriving the light cone sum rules
For P ′2, q2 ≪ 0 the product of two currents in (2) can be expanded around the light-cone
x2 ∼ 0. At leading order the two c-quarks in (2) are contracted giving the free propagator
and the resulting matrix element is decomposed according to (A.21) in [2]. This results in a
sum over distribution amplitudes of different twists multiplied by their respective coefficient
functions. Using equation of motions the contributions to the invariant functions Π˜j in (4)
can be identified. Neglecting terms which will vanish after Borel-transformation they can in
general be written as
Π˜
(i)
j (P
′2, q2) =
1
4
∑
n=1,2,3
1∫
0
dx
w
(i)
jn (x, q
2)
Dn
, (10)
with the denominator
D = m2c − (xP − q)2 = m2c − xP ′2 − x¯q2 + xx¯m2N∗ , (11)
where x¯ = 1−x. The different functions w(i)jn are distinguished by their indizies, where i de-
notes either A or P for axial- or pseudoscalar interpolating current, j = 1, . . . , 6 parametrizes
the invariant amplitude it contributes to and n = 1, . . . , 3 is the power of the denominator.
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The functions w
(i)
jn are given in appendix A.
We have to write (10) as a dispersion integral in P ′2:
Π˜
(i)
j (P
′2, q2) =
1
π
∫ ∞
m2c
ds
s− P ′2 Ims Π˜
(i)
j (s, q
2). (12)
Therefore we substitute
s(x) =
1
x
(m2c − x¯q2 + xx¯m2N∗),
x(s) =
1
2m2N∗
[
m2N∗ + q
2 − s+
√
(s− q2 −m2N∗)2 + 4m2N∗(m2c − q2)
]
(13)
in the denominator (11) and do a partial integration if the power of the denominator is larger
than one. Using quark-hadron duality to approximate the contributions of the hadronic
states ∫ ∞
sh0
ds
s− P ′2 ρ
(i)
j (q
2) ≈ 1
π
∫ ∞
s0
ds
s− P ′2 Ims Π˜
(i)
j (q
2), (14)
where s0 is the duality threshold, and performing a Borel-transformation that results in
1
s− P ′2 → e
−s/M2 , (P ′2)n → 0,
with M2 being the Borel-parameter leads to the final sum rules
f1(q
2) =
em
2
Λc
/M2
2mΛc(mΛc +mΛ∗c )λ
(i)
Λc
1
π
s0∫
m2c
ds e−s/M
2
[
(mΛc −mN∗)
(
ImsΠ˜
(i)
1 (s, q
2)
−(mΛ∗c +mN∗)ImsΠ˜
(i)
2 (s, q
2)
)
+ 2ImsΠ˜
(i)
3 (s, q
2) + 2(mΛ∗c −mΛc)ImsΠ˜
(i)
4 (s, q
2)
]
,
f2(q
2) =
em
2
Λc
/M2
2(mΛc +mΛ∗c )λ
(i)
Λc
1
π
s0∫
m2c
ds e−s/M
2
[
ImsΠ˜
(i)
1 (s, q
2)
−(mΛ∗c +mN∗)ImsΠ˜
(i)
2 (s, q
2)− 2ImsΠ˜(i)4 (s, q2)
]
, (15)
with subtraction of the Λ∗c-pole and
f1(q
2) =
em
2
Λc
/M2
2mΛcλ
(i)
Λc
1
π
s0∫
m2c
ds e−s/M
2
ImsΠ˜
(i)
1 (s, q
2),
f2(q
2) =
em
2
Λc
/M2
2λ
(i)
Λc
1
π
s0∫
m2c
ds e−s/M
2
ImsΠ˜
(i)
2 (s, q
2), (16)
for those without subtraction. Again the procedure for g1 and g2 is the same with some
trivial sign differences due to an additional γ5.
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Method |λN
∗
1 /λ
N
1 | fN∗/λ
N∗
1 ϕ10 ϕ11 ϕ20 ϕ21 ϕ22 η10 η11 Ref.
LCSR (1) 0.633 0.027 0.36 -0.95 0 0 0 0.00 0.94 [2]
LCSR (2) 0.633 0.027 0.37 -0.96 0 0 0 -0.29 0.23 [2]
LATTICE 0.633(43) 0.027(2) 0.28(12) -0.86(10) 1.7(14) -2.0(18) 1.7(26) - - [3]
Table 1: Parameters of the N∗(1535) distribution amplitudes at the scale µ2 = 2 GeV2. For the lattice
results [3] only statistical errors are shown. The set of parameters indicated as LCSR (1) corresponds to
the fit to the form factors G1(Q
2) and G2(Q
2) extracted from the measurements of helicity amplitudes
in Ref. [24] adding the errors in quadrature. The set of parameters indicated as LCSR (2) is obtained
from the fit to helicity amplitudes including all available data at Q2 ≥ 1.7 GeV2 [25, 26, 27, 24]. λN1 is
given in [3] as 102 mN λ
N
1 = −3.88(2)(19) GeV
3.Note the typo in the first column in [2].
3 Numerical Analysis
3.1 Prerequisites
We start this section by specifying the input parameters we use for our numerical analysis.
The masses of the involved Baryons are taken from [20] and for the Λ∗b from [19]
mΛc = 2.286GeV, mΛ∗c = 2.595GeV,
mΛb = 5.620GeV, mΛ∗b = 5.85GeV. (17)
The values for the shape parameters of the N∗-distribution amplitude are given in table
1. For the twist 4 normalization factors λ
(A,P )
1 we use the corresponding leading order two
point sum rules instead of inserting fixed values. We take the same two approaches to the
two point sum rules as for the light-cone sum rules. The correlation functions for λ
(A,P )
1 and
λ
(A,P )
1 · f (A,P )i have a very similar µ-dependence which effectively cancels in the quotient.
This has the advantage of considerably reducing the µ-dependence of the result. We take
the sum rules from [21], see also [1]1 and have checked their results.
A thorough analysis of the sum rules shows that those derived by eliminating the Λ∗c,b-
pole are plagued by several problems:
1. Except for the form factors f1(Q
2) and g1(Q
2) using the pseudoscalar interpolating
current there are large numerical cancellations between different Lorentz-structures
2. For the pseudoscalar current there is generally very little hierarchy between contribu-
tions of different twists, there are numerical cancellations between different twists and
they are very sensitive to the variation of the higher twist parameter ξ10
3. There is no set of parameters M2, s0 so that the sum rules for all four form factors
fullfill the basic criteria used to check their viability
Finally we have chosen the sum rules for the functions A and B, see (9), with the axial vector
interpolating current and the respective two-point sum rule with the highest powers of p+
as our default. The two models from table 1 give a measure for the uncertainty coming from
the variation of twist 4 parameters η10 and η11. We quote the results for the two models
1Note a typo in the dimension six part of Im F˜1(s), eq. (91), in [1]. The correct expression is [22]
ImF˜ dim 61 (s) = pi
〈q¯q〉2
72
δ(s −m2c)(11 + 2b− 13b
2)
6
separately to demonstrate the ability to discern different models by measuring theses decays.
The pseudoscalar interpolating current has similar problems as mentioned above. In most
channels there is no clear hierarchy between different twists and there occur large numerical
cancellations. In addition the sum rules for the pseudoscalar current are very sensitive to the
basically unknown parameter ξ10. Varying this parameter in the range of −0.2 ≤ ξ10 ≤ 0.2
changes the result by up to a factor of 6. In contrast the axial-vector sum rules depend only
very mildly on this parameter. The Borel-parameter and duality threshold are chosen in
a way that the usual sum rule criteria, that is the suppression of continuum states and of
higher twist contributions, are fullfilled. We observe that for the range of
16 18 20 22 24
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
f1 HM 2 L
f 2 HM 2 L
g1 HM 2 L
g 2 HM 2 L
M2 [GeV2]
3.0 3.5 4.0 4.5 5.0
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
f1 HΜL
f 2 HΜL
g1 HΜL
g 2 HΜL
µ [GeV]
Figure 1: The Borel- and µ-dependence of the Λb → N∗-form factors at Q2 = 0
M2b = 15− 25GeV2 sb0 = 36− 40GeV2
M2c = 5− 10GeV2 sc0 = 6− 10GeV2
these criteria are fullfilled and that the sum rules are reasonably stable with respect to the
variation of the Borel-parameter, see figure 1.
3.2 Decay-widths
Since the light cone sum rules are only valid up to q2 ≤ q2max = (mΛc,b −m2N∗)2 we need to
extrapolate the sum rule results to the whole physical region to calculate the decay-widths.
We do this by making a two-parameter fit to our numerical values using the fit-function
proposed in [23]
fi(q
2) =
fi(0)
1− q2
m2
B∗(1−)
{
1 + bi
(
z(q2, t0)− z(0, t0)
)}
gi(q
2) =
gi(0)
1− q2
m2
B∗(1+)
{
1 + b˜i
(
z(q2, t0)− z(0, t0)
)}
(18)
with
z(q2, t0) =
√
t+ − q2 −√t+ − t0√
t+ − q2 +√t+ − t0
(19)
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and
t± = (mΛb ±mN∗)2,
t0 = t+ −
√
t+ − t−
√
t+ − tmin. (20)
tmin is the lowest value of q
2 mapped to z(q2, t0), so that tmin = q
2
min ≤ q2 ≤ t−. We extend
the fit region by calculating the form factor starting from q2min = −6 GeV2. We perform
a weighed fit using as weights the uncertainties coming from the input parameters of the
sum rules added in quadrature. For asymmetric errors we take the mean value and shift the
central value by the difference of the mean value and the asymmetric error to get symmetric
errors. The fits compared to our sum rule values can be found in figure 2 and the results in
table 2.
As can be seen the largest uncertainty comes from the twist 4 parameters which are taken
-5 0 5 10 15
-3.0
-2.5
-2.0
-1.5
-1.0
-0.5
0.0
LCSRH1L
LCSRH2L
Q2 [GeV2]
f1(Q
2)
-5 0 5 10 15
0.0
0.5
1.0
1.5
2.0
2.5
LCSRH1L
LCSRH2L
Q2 [GeV2]
f2(Q
2)
-5 0 5 10 15
0.0
0.5
1.0
1.5
2.0
2.5
LCSRH1L
LCSRH2L
Q2 [GeV2]
g1(Q
2)
-5 0 5 10 15
-3.0
-2.5
-2.0
-1.5
-1.0
-0.5
0.0
LCSRH1L
LCSRH2L
Q2 [GeV2]
g2(Q
2)
Figure 2: The four different form factors for the decay Λb → N∗. LCSR(1) and LCSR(2)
refer to the two models from table 1. The thick lines give the central value of the fits to
the sum rule results (large dots), the dashed lines give the 2 σ uncertainties coming from all
parameters except twist 4.
from table 1. This means these decays are very sensitive to the shape of the distribution
amplitudes of the N∗ that parametrize relative orbital angular momentum of the quarks.
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Λb → N∗
LCSR(1) LCSR(2)
fit parameter estimate uncertainty fit parameter estimate uncertainty
f1(0) -0.562 0.015 f1(0) -0.185 0.005
b1 -10.236 1.420 b1 -12.803 1.505
f2(0) 0.451 0.0133 f2(0) 0.184 0.006
b2(0) -9.695 1.549 b2(0) -12.355 1.623
g1(0) 0.523 0.014 g1(0) 0.143 0.004
b˜1 -10.050 1.401 b˜1 -11.205 1.460
g2(0) -0.454 0.013 g2(0) -0.093 0.003
b˜2 -9.521 1.500 b˜2 -10.718 1.483
Λc → N∗
LCSR(1) LCSR(2)
fit parameter estimate uncertainty fit parameter estimate uncertainty
f1(0) -2.17 0.18 f1(0) -0.74 0.07
b1 -6.26 1.06 b1 -7.44 0.89
f2(0) 1.09 0.12 f2(0) 0.61 0.06
b2(0) -5.91 1.01 b2(0) -7.14 0.76
g1(0) 1.70 0.14 g1(0) 0.53 0.05
b˜1 -6.65 1.01 b˜1 -7.18 1.01
g2(0) -0.98 0.11 g2(0) -0.10 0.03
b˜2 -6.44 0.96 b˜2 -7.35 2.29
Table 2: The fit parameters according to equation (18) for the Λb,c → N∗ form factors and
the two models LCSR(1) and LCSR(2)
We calculate the decay width by the following expression:
dΓ
dq2
(Λb → plνl) =
G2Fm
3
Λb
192π3
|Vub|2λ1/2(1, r2, t)
{
[(1− r)2 − t][(1 + r)2 + 2t]|g1(q2)|2
+[(1 + r)2 − t][(1− r)2 + 2t]|f1(q2)|2 − 6t[(1− r)2 − t](1 + r)g1(q2)g2(q2)
−6t[(1 + r)2 − t](1 − r)f1(q2)f2(q2) + t[(1− r)2 − t][2(1 + r)2 + t]|g2(q2)|2
+t[(1 + r)2 − t][2(1− r)2 + t]|f2(q2)|2
}
. (21)
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Compared to [1, 12] we have to exchange f1 ↔ g1 and f2 ↔ g2 and we neglect f3 and g3
since their coefficient is always proportional to the lepton mass. Our results are
Γ(Λb → N∗(1535)lν) =
(
0.0058+0.0010−0.0009
) · ( Vub
3.5 · 10−3
)2
, LCSR(1)
Γ(Λb → N∗(1535)lν) =
(
0.00070+0.00012−0.00011
) ·( Vub
3.5 · 10−3
)2
, LCSR(2)
Γ(Λc → N∗(1535)lν) =
(
0.0064+0.0012−0.0011
) · ( Vcd
0.225
)2
, LCSR(1)
Γ(Λc → N∗(1535)lν) =
(
0.00077+0.00016−0.00014
) ·( Vcd
0.225
)2
, LCSR(2)
where we have given the results for the two different models separately to support our claim
that the measurement of these decay widths will help to understand the structure of the
twist 4 distribution amplitudes of the N∗.
4 Conclusions
We propose to measure the Λb,c → N∗ form factors at PANDA and LHCb as an alternate
way to extract information on the distribution amplitudes of the N∗. We did a leading
order calculation in the framework of light cone sum rules taking into account three particle
Fock-states up to twist 6.
We eliminated the Λ∗b,c contribution following [1] and investigated two different interpolating
currents for the Λb,c. We found that all our sum rules using the elimination of the Λ
∗
b,c-pole
are plagued by large numerical cancellations between different Lorentz-structures except
for the form factors F1(Q
2) and G1(Q
2) if one uses the pseudoscalar interpolating current.
While this might look like a good sign these sum rules have the problem that there are large
cancellations between contributions of different twist. Our final verdict is, that the elimina-
tion of Λ∗b,c is not well suited for the case at hand: The mixing of different Lorentz-structures
leads to a larger continuum contribution and to large numerical cancellations. The only two
exceptions where the method could work are sum rules which have bad characteristics for
each Lorentz-structure separately.
The comparison of the two interpolating currents leads to the conclusion that the axial-
vector current is generally better suited for our calculation. It shows a clearer hirarchy of
contributions of different twist, lesser cancellations and a lower sensitivity to the only badly
known λN
∗
2 and ξ10.
In general it is seen that in contrast to the Λb,c → N case the sum rules are dominated
by twist 4 contribution, i.e. contributions with one unit of relative angular momentum,
due to the higher mass of the N∗ and the smaller normalization factor of the leading order
distribution amplitude fN∗ . A similar feature although not quite as pronounced was already
observed in [2].
This circumstance makes this decay an ideal candidate to constrain the twist 4 distribution
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amplitudes. The predicted decay widths for the two models LCSR(1) and LCSR(2)
Γ(Λb → N∗(1535)lν) =
(
0.0058+0.0010−0.0009
) ·( Vub
3.5 · 10−3
)2
, LCSR(1),
Γ(Λb → N∗(1535)lν) =
(
0.00070+0.00012−0.00011
) · ( Vub
3.5 · 10−3
)2
, LCSR(2),
Γ(Λc → N∗(1535)lν) =
(
0.0064+0.0012−0.0011
) ·( Vcd
0.225
)2
, LCSR(1),
Γ(Λc → N∗(1535)lν) =
(
0.00077+0.00016−0.00014
) · ( Vcd
0.225
)2
, LCSR(2),
support this claim by showing that even a rough measurement would already be able to
discriminate between the two models. With upcoming experimental data and increasing
precision a NLO-analysis will be the next task since these corrections are expected to be
sizeable. See, e.g. [8, 2] for the case of the electromagnetic form factors. This is a huge
calculation since in contrast to [8] there will be an additional mass scale due to the heavy
quark and additional structures contributing at the same order of the twist expansion.
On the other hand combined with experimental data of sufficient precision it will give an
excellent complementary possibility to make quantitative statements on the low lying nucleon
resonances in terms of the fundamental degrees of freedom of QCD.
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A Correlation functions
The coefficient functions w
(i)
jn are listed below for:
11
pseudoscalar interpolating current
w
(P)
11 = x2mN∗φ
(P)
1 , w
(P)
12 = x2m
3
N∗
[
x2φ
(P)
2 + 2φ
(P)
3
]
,
w
(P)
13 = 4x2m
2
N∗m
2
cφ
(P)
3 ,
w
(P)
21 = w
(P)
23 = 0, w
(P)
22 = x2m
2
N∗φ
(P)
2 ,
w
(P)
31 =
mN∗
2
(mc + x2mN∗)φ
(P)
1 ,
w
(P)
32 =
m2N∗
2
[
mc(mc + x2mN∗)φ
(P)
2 + 2x2m
2
N∗φ
(P)
3
]
,
w
(P)
33 = 2m
3
N∗m
2
c(mc + x2mN∗)φ
(P)
3 ,
w
(P)
41 =
mN∗
2
φ
(P)
1 , w
(P)
42 =
m2N∗
2
[
mcφ
(P)
2 + 2mN∗φ
(P)
3
]
,
w
(P)
43 = 2m
3
N∗m
2
cφ
(P)
3 ,
w
(P)
51 = −mN∗φ(P)1 , w(P)52 = −m3N∗
[
x2φ
(P)
2 + 2φ
(P)
3
]
,
w
(P)
53 = −4m3N∗m2cφ(P)3 ,
w
(P)
61 = w
(P)
63 = 0, w
(P)
62 = −m2N∗φ(P)2 ,
where the functions φPi are
φ
(P)
1 =2A˜1 + 4A˜3 + 2A˜123 + 2P˜1 + 2S˜1 + 6T˜1 − 12T˜7 − T˜123 − 5T˜127 − 2V˜1 + 4V˜3 + 2V˜123,
φ
(P)
2 =3
˜˜A34 + 2
˜˜A123 − ˜˜A1345 − 2 ˜˜P21 + 2 ˜˜S12 − 12 ˜˜T78 − 2 ˜˜T123 − 4 ˜˜T127 − 6 ˜˜T158 + ˜˜T234578
− 3 ˜˜V43 + 2 ˜˜V123 + ˜˜V1345,
φ
(P)
3 =− A˜M1 − 3T˜M1 + V˜M1 +
˜˜˜
A123456 − 3
˜˜˜
T125678 +
˜˜˜
T234578 +
˜˜˜
V123456.
12
axial-vector interpolating current
w
(A)
11 = 2
[
−2mcφ(A)1 − x2mN∗(2φ(A)1 + φ(A)2 ) + 2mN∗φ(A)3
]
,
w
(A)
12 = 2mN∗
[
x22m
2
N∗φ
(A)
4 − x2mN∗mcφ(A)5 + 2m2cφ(A)3 + 2x2m2N∗φ(A)6
]
,
w
(A)
13 = 8m
2
N∗mc
[
−m2cφ(A)7 + x2mN∗mcφ(A)6 − x22m2N∗φ(A)8
]
,
w
(A)
21 = −4φ(A)1 , w(A)23 = 8m2N∗mc
[
−mcφ(A)7 − x2mN∗φ(A)8
]
,
w
(A)
22 = 2mN∗
[
2mcφ
(A)
3 + x2mN∗φ
(A)
4 − 2mN∗φ(A)7
]
,
w
(A)
31 = −2
m2c − q2
x2
φ
(A)
1 +mN∗mcφ
(A)
2 −m2N∗φ(A)9 + 2x2m2N∗φ(A)10 + 2
m2N∗
x2
φ
(A)
7 ,
w
(A)
32 = m
2
N∗
[
−2(q2 − x22m2N∗)φ(A)3 + 2
q2 +m2c
x2
φ
(A)
7 + x2mN∗mcφ
(A)
11
−m2c(φ(A)5 − 2φ(A)3 ) + 2mN∗(mc − x2mN∗)φ(A)8
]
,
w
(A)
33 = 4
m2cm
2
N∗
x2
[
−(m2c − q2)φ(A)7 + x2mN∗mcφ(A)12 − x22m2N∗φ(A)8
]
,
w
(A)
41 = 2mN∗
[
(φ
(A)
1 + φ
(A)
10 )−
φ
(A)
3
x2
]
, w
(A)
43 = 4m
3
N∗m
2
cφ
(A)
13 ,
w
(A)
42 =
mN∗
x2
[
2(m2c + x
2
2m
2
N∗ − q2)φ(A)3 + x2mN∗mcφ(A)11 + 2x2m2N∗φ(A)13
]
,
w
(A)
51 = 2mN∗φ
(A)
2 , w
(A)
53 = 8m
3
N∗mc
[
mcφ
(A)
14 + x2mN∗φ
(A)
8
]
,
w
(A)
52 = 2m
2
N∗
[
−x2mN∗φ(A)4 +mc(φ(A)5 + 2φ(A)3 ) + 2mN∗φ(A)14
]
,
w
(A)
61 = 0, w
(A)
62 = −2m2N∗φ(A)4 , w(A)63 = 8m3N∗mcφ(A)8 ,
13
where the functions φAi are
φ
(A)
1 = A˜1 + 2T˜1 + V˜1,
φ
(A)
2 = 2A˜3 − 2P˜1 + 2S˜1 − 2T˜1 + T˜123 + T˜127 − 2V˜3,
φ
(A)
3 =
˜˜A123 − ˜˜T123 − ˜˜T127 − ˜˜V123,
φ
(A)
4 = − ˜˜A34 + ˜˜A1345 − 2 ˜˜P21 − 2 ˜˜S12 − 2 ˜˜T127 + 2 ˜˜T158 − ˜˜T234578 − ˜˜V43 + ˜˜V1345,
φ
(A)
5 = − ˜˜A34 − 2 ˜˜A123 − ˜˜A1345 + 4 ˜˜T127 − 4 ˜˜T158 + 2 ˜˜T234578 − ˜˜V43 + 2 ˜˜V123 − ˜˜V1345,
φ
(A)
6 = A˜
M
1 + T˜
M
1 + V˜
M
1 −
˜˜˜
A123456 +
˜˜˜
T125678 −
˜˜˜
T234578 +
˜˜˜
V123456,
φ
(A)
7 = −A˜M1 − 2T˜M1 − V˜M1 +
˜˜˜
T234578,
φ
(A)
8 =
˜˜˜
A123456 − 2
˜˜˜
T125678 +
˜˜˜
T234578 −
˜˜˜
V123456,
φ
(A)
9 = −2 ˜˜A34 − 2 ˜˜A123 − 2 ˜˜P21 − 2 ˜˜S12 + 2 ˜˜T127 − 2 ˜˜T158 + ˜˜T234578 − 2 ˜˜V43 + 2 ˜˜V123,
φ
(A)
10 = A˜123 − T˜123 − T˜127 − V˜123,
φ
(A)
11 = 2
˜˜A34 + 2
˜˜P21 + 2
˜˜S12 + 2
˜˜T123 + 2
˜˜T158 − ˜˜T234578 + 2 ˜˜V43,
φ
(A)
12 = T˜
M
1 +
˜˜˜
T125678 −
˜˜˜
T234578,
φ
(A)
13 = −A˜M1 − 2T˜M1 − V˜M1 −
˜˜˜
A123456 + 2
˜˜˜
T125678 +
˜˜˜
V123456,
φ
(A)
14 = T˜
M
1 +
˜˜˜
A123456 −
˜˜˜
T125678 −
˜˜˜
V123456.
They agree with those in [1] if one replaces mN → mN∗ and mc → −mc.
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